1 METHOD FOR THE CATALYTIC REMOVAL OF CARBON DIOXIDE AND SULPHUR DIOXIDE FROM
WASTE GASES Technical field [0001] The present invention relates generally to a method for the
catalytic removal of carbon dioxide and sulphur dioxide from waste gases. Prior art [0002] Discussions on
climate change have clearly demonstrated to mankind that the resources available to us are limited and
that the harmful substances produced by human activities have a major impact on the environment and
lead to long-term climate char%ﬁg. After suI_Phur emissions took centre stagée?in the 1960s, carbon dioxide

emissions have nOFHEQIhE IIé'ﬂEtoﬁﬁ. MG REMQYAM N HEAR I'ib RIPERB AN some years

now to find ways is WPHURDPOXIDEIBROMNWSASEECGABE SVoided where possible or else ways in which
this gas can be removed from the atmosphere. With regard to the latter option various methods have
been proposed for binding the carbon dioxide from the atmosphere to solids or liquids and then storing it.
Such methods arelkabwiealdieddample, from W02005108297A, KR200502862 A and W02004098740 A.

It has also been amtepgéod;%ggﬁp ﬁ\%ﬁ%ﬁo%fﬁ@gd&%@%w%‘?@i%’ém y@piqﬁec%%;pgcelectric

energy can be obtai from solar energy in an environmentally friendly manner, as described in
JP4063115 A. [00E@E PYAWVER RpR SioiErrRIME SYARRHIHEQ R BBk WRs{eraPeRther only relocate the
problem or else are very energy intensive. Object of the invention [0004] An object of the present

invention is to proy,irqgra rrrt1ethod which removes the carbon dioxide from waste gases. 2 General
description of the Invenfion [0005] This object is achieved in accordance with the invention by a method

for the catalytic relPodd] Biscassmmslioriddrmate sthiphge diexrielfrary Wasterngéradedia reztimdcharged with

an activated carbap iy ls SRECIRARBHENANR 'aho LS SRY A RIAG R ASAISL6arbon with
’ produced by human activities have a major impact on the environment and lead

to long-term climate change. After sulphur emissions took centre stage in the
1960s, carbon dioxide emissions have now become the key topic. Intensive
research has been being carried out for some years now to find ways in which
the production of this gas can be avoided where possible or else ways in which
this gas can be removed from the atmosphere. With regard to the latter option
various methods have been proposed for binding the carbon dioxide from the
atmosphere to solids or liquids and then storing it. Such methods are known, for
example, from W0O2005108297A, KR200502862 A and W02004098740 A. It
has also been attempted to reduce the carbon dioxide electrochemically, in
which case the electric energy can be obtained from solar energy in an

environmentally friendly manner, as described in JP4063115 A.

[0003] However, these methods have the drawback that they either only

relocate the problem or else are very energy intensive.

Object of the invention
[0004] An object of the present invention is to provide a method which removes

the carbon dioxide from waste gases.



saturating or partially saturating the waste gases with water, introducing the exhaust gases into the
reactor, catalytically converting the SO2 into H2SO4 and, in parallel with this, catalytically converting
CO2 into C and 02 on the same catalyst and/or adding C to sulphur compounds, washing out the catalyst
and discharging the H2SO4 as a liquid and the C as a solid or/and bound to sulphur compounds. [0006]
One advantage of the method is that the reaction products H2SO4 and C are separated from the gas

phase of the waste gases and are present once the method is complete as a liquid (H2SO4) and as a
solid (C or C on s@SAEFASARBEURYSAltReAnYEREeR further. [0007] The method makes it possible to

treat waste gases[bo0s]imeisStin ¢t antemeie eoreioraanendioxidei anshfidabardirteidee both
harmful substancet‘rs} aéé?ae‘lﬁ%npgmtirgael %?((j:e%r argxllelI i.eér% a §irr11%Ire io?qthogr’ eithers?é)mé)legeill)( ortoa
considerable extent from the waste gases.?b%b ]ol)ﬁqﬁe Method at easgi 96 of fe- GO ontained in the
waste gases is coavegasthprifergedy witheast 3CW6atedrtcarzely petédysiblyhanacteris@dbdanthén particular
at least 82 %. [OO@&]M@{&%rbon compounds are understood in the context of the present invention to
mean compounds which contain both sulphur and carbon, irrespective of the number, the oxidation state
and the presence of SthéaBlEaHeatseRRyatRIPRIRIDVELSRRA2saturation of the activated carbon with

S021S03" is to be ungdersiaadiindlr saniaxt Sfithatpigarnivaveniinionmeantbat the activated carbon
catalyst has sufficient exothermic conversion energy, which is produced by the S021S031H2S04

conversion, to comm&nd BB &PYaLER RIS & TERTPEed from our tests, this corresponds to

approximately of 20-80 kaelyEeailymonl eataly shd 0901 ] imte Iexpressing, "Fatpupdien ofithemeste gases

with water" is to be unders{olog in"the context o&ge ﬁfgﬁgnt igvfﬁntiont 0 mean an tir]trq[duc(t{'})n of very fine

water droplets into the fIGe %5 ',C?e}ﬁucglﬂ\ée 'g%mﬁe' Uré 8N4 | %r%%smeg tREWSEET BN Bhtil a relative

atmospheric humidity of addiagithtorseiph00cdnipeuodsiced in the flue gas. This saturation of the waste

gases with water is pgefer ' ' C - or jnjectiep,cqoler: Tk is water may
) (?C. ?%26%?918%%@&%8 Jls%‘ﬂ%@trfg; RERISHLR'S n@]ﬂt?a‘HE! 919“&5

be neutral, alkaline or acidi le pH of the water used to saturate the waste gases is preterably between
3 and 11 and particularly@pefetEbef/BReBMG oI ARHE ¢hethod is somewhat similar to the
"SULFACID" method, in which SO2 is converted into H2SO4 on an activated carbon catalyst. However, in

this method the carban dioxide, is not converted into carhon and oxygen or into sulphur-carpgn
compounds, sinca IO e ArPLREhARs TIE 8IS 3y Ab SR GG T HTelor B S0 via 503
to form H2S04 is sigppdipatatiecosdcotng igis|phadbefkijecsasie gesdagin the gaeskyst beck the

method is complete as a liquid (H,SO4) and as a solid (C or C on sulphur

compounds) and can be used further.

[0007] The method makes it possible to treat waste gases from industrial plants
which contain carbon dioxide and SO, and to remove both harmful substances
at the same time and in parallel, i.e. in a single method, either completely or to a

considerable extent from the waste gases.

[0008] In the method at least 40 % of the CO, contained in the waste gases is
converted, preferably at least 50 %, particularly preferably at least 60 % and in

particular at least 82 %.

[0009] Sulphur-carbon compounds are understood in the context of the present
invention to mean compounds which contain both sulphur and carbon,
irrespective of the number, the oxidation state and the presence of other

elements



[0013] From the tests which were carried out in conjunction with the research which led to this invention it
was established that no separation of CO2 was observed, either in the tests or in the industrial
applications, in any of the possible conventional ways of carrying out SULFACID methods since in this
case the exothermic energy which is produced during the conversion of SO2 via SO3 to form H2SO4 is
supplied to the aqueous covering in the bed so as to produce the aforementioned H2S0O4. 4 [0014]
Waste gases in which the ratio of CO2 to SO2 is between 0.25 mol/mol and 0.58 mol/mol are
preferentially treal@81B)f Qs p%eRISIARBFRBLENNB B theANRRAFRBL I iRieP 1R Fatid & Bfe two
harmful substancemties@dside thisdaget bi this prstamtaivewinietshe&atnthiat snbsdatiestavhich lies
above the aforemenioned it s et completehdpmaved iam e waste dages, butie qply emoved in
part. [0015] The infiet empera¥ures dfthe waste gases pre era%ﬁ/?le Detween the ampien eémperature
and 150 C. HighebiemiberatGes $ethifiidiousopeatsion cold gemmaeretly diageornesitalyst. [0016]
The oxygen contegiRldigHARIAIERRS AR Al CILiGals R ABUILIRSLY Bre gy i by
volume. The 02 content should preferably be more than 8 times greater than the SO2 content [0017] The
waste gases may%%%ﬁﬁ&fe%cgﬂﬁe %faf‘s?ﬁ?'\)(ﬁfh water by quenching or a similar method. The waste gases
should naturally contain as little solids, dust and the like as possible in order to prevent intoxication and
clogging of the ca his dedusting of the waste gases is_carried out by conventianal filtering before
thowasts gases A0 Rkl e T et 0 £ e 08 (e HLPiE) 1 Siiist gases
preferably lies betwatanstoaddiinl 06 edttetkiechithef preseatdiyainBetie enedd EnaintradIotaf Bie SO2 is
thus converted vig, §O3;into 2S04 dhRIEShES e SRR/ SORIeRUISIR JoTES ipkUrsRIRORFeMPOoUNds

and is discharged into the exhaust air'in the form of S02/S03. Example: with 100 % separation of SO2 in
the CO2 process tRESITASEEHEIRS SAVRVErSHPIr R0 RRBhEDS BRI £68 1898 EBhversion into

sulphur-carbon coshpoangsi§witbdureyenand HiSQAES ARt ettumtimssiatengasta 486 Wittonversion
into H2504, and the excess i disbqhar edd'nto the exhaust air ip the form. of SOZ/Sogr- in thisfcase the
u e 61 0

CO2 separation is"4150 reflEErSPhEReq). n%ﬁré BAYFRC %rorc%rs@t‘ﬁcet'r%nisc%oﬁl e Conversion into

H2504 with 100 %hiepammmef/%zrm@r_@ln alspliorimatetyddo- Theops reieﬁi@ewatsozxsm io_uto the
exhaust air. With anyguadoggl of, 302/99340 1ae pULERRBAASESNe 40190 S0 PARERIGAyNto H2S04

is not increased, but instead the excess again re-enters the exhaust gases in the form of 502/503. [0019]
Therefore, in the REHISGAPACEEIARRB 8% Bvention, with large volume flows and/or high concentrations of
S02/S03/C0O2, a plurality of reactors can be connected in parallel and/or in series in order to achieve

required values. Bgh desciption of e IuieShat similar to the "SULFACID" method, in which
SO, is converted into H,SO4 on an activated carbon catalyst. However, in this
method the carbon dioxide is not converted into carbon and oxygen or into
sulphur-carbon compounds, since in this method the exothermic energy
produced during the conversion of SO, via SO3; to form H,SO, is supplied

almost completely to the aqueous covering in the catalyst bed.

[0013] From the tests which were carried out in conjunction with the research
which led to this invention it was established that no separation of CO, was
observed, either in the tests or in the industrial applications, in any of the
possible conventional ways of carrying out SULFACID methods since in this
case the exothermic energy which is produced during the conversion of SO, via
SO; to form H,SO4 is supplied to the aqueous covering in the bed so as to

produce the aforementioned H,SO,.



[0020] Further details and advantages of the invention can be taken from the following detailed
description of a possible embodiment of the invention op the basis of the accompanying Fig. 1. In the
drawings: Fig. 1 is a schematic view of the arrangement; Fig. 2 is a graph showing the values measured
during Test 1 of the SO2 content of the waste gases at the inlet and outlet of the reactor; Fig. 3 is a graph
showing the values measured during Test 1 of the CO2 content of the waste gases at the inlet and outlet
of the reactor; Fig. 4 is a ra%r:J showing the values measured during Test 2 of the SO2 content of the

waste gases at thiPfhlél gRE%T tRevRigk e ERYiosok QiR P ShdwipRf eV Al fes RVARRIred during

Test 2 of the CO2zprn(ese aidhimsvasteyekesaialietioiatanofatsletofitheaeaqiossibrsasipéan of an
embodiment of the in\{ention 40021 .TH test (?rrari]qﬁm nt
wa e ' e

NS UEER W (500 0 %h?WFuL”sE i hinorder o, ligstigle the
invention comprises 3 TeSt reactor 5 rquower part 1% SANRIE atfes gas is supptlle andin the upper
part 14 of which wargss kpthige thsteioe2x)Weneteibteg hsrlfiicsviastansedwoisimligdatabheentaiste gases

consists of ambie%?&EM@HGBH%&‘%HE%rh@tr&?}}iﬁﬂa@%)’iﬁﬁn%@ée FRIFOMEASYLPLsNB LR Which SO2 is

subsequently added from a first pressurised cylinder 18 as well as CO2 from a second pressurised
cylinder 20 via coRBYIEAMNELANREEL 22, 24. A first measuring device 26 analyses the composition (502
content, CO2 content, 02 content), the temperature, the flow volume and the flow rate of the test gas.

[0023] The test gas i cogled. to saturation t erature in a quencher, 28 vaporation of water.
The st gas s 000 ) Do RLrETEPEH S (e T TR R by & LAY o BEVSB e Rt collector
at the outlet of theamisechtena@Eclieetarttid 8pry. [oba) Eneperstyas floaentimavigth aperagisinreactor 10

and the activated g@ﬁppﬁeqﬁ{ghéﬁﬁ%%gmg@gqqeﬂgg@%ﬂpm bottom to top and is then examined once

discharged from the test reactor 10 in a second measuring device 34 for the same parameters as in the
first measuring device 26, i.e. composition (502 content, CO2 content, 02 content), the temperature, the

flow volume and tfeoflepTriexggensohtenteleasedddte hramosphetaidBP25icEneoweiabigauired in the
process is fed from a storage, gontaipey 3?6 via a metering.device 38, where the flow is measured, and a
Pump 40 o the (100105 AT (et BB 0! HEke B D SIS hE Coted carbon
catalyst 32 in coutherilvinesgreattrghsnThe Sseordgoired for the quencher 28 comes directly from the
water supply and is circulated within the cycle.

[0017] The waste gases may be saturated quite easily with water by quenching

or a similar method. The waste gases should naturally contain as little solids,

dust and the like as possible in order to prevent intoxication and clogging of the

catalyst. This dedusting of the waste gases is carried out by conventional

filtering before the waste gases are then fed into the quencher.

[0018] The SO, purifying factor for the exhaust gases preferably lies between
0.4 and 0.6 with the aid of the catalyst. Between 40 % and 60 % of the SO, is
thus converted via SOz into HySOs; the rest of the SO,/SO; reacts to form
sulphur-carbon compounds and is discharged into the exhaust air in the form of
S0,/S0O;. Example: with 100 % separation of SO, in the CO, process this
corresponds to a conversion of 40-60 % into H,SO,4 and a 60-40 % conversion
into sulphur-carbon compounds (with an overload of SO,/SO; there is thus no
longer a 40-60 % conversion into H,SO4, and the excess is discharged into the
exhaust air in the form of SO,/SO3; — in this case the CO, separation is also
reduced or halted). In the SULFACID process there is a 70-90 % conversion
into H,SO4 with 100 % separation of SO, and an approximately 30-10 %



[0026] Alternatively however, the water required in the process can also be fed through the reactor in
co-current flow with, i.e. in the same direction as, the tegt gas. The selection of a co-current or
counterflow method depends for example on the local conditions. 7 [0027] The SO2 is catalytically
converted into 503 on the activated carbon catalyst, which is not additionally impregnated with metals,
and is then converted into sulphuric acid if water is added. The packing materials are located beneath the
molecular sieve and distribute the gas and may be doped. The sulphuric acid and the carbon and
sulphur-carbon cdiflF8sR ¥ I%Qﬁé@ér@@n@@d%ﬁ@ﬁh@raéﬁ@t@@ HATHRPE AP Ratdrifient spraying
with water, as a fusigtienOfDhgryodsgenel Tieocatalysinassiohtiet®P2S503 Boneeitadiasedn eaunterflow to
the gas. In the pilot syst spraying was carried oyt 1-4 times/hour using an am tzfé ater of 2-15
Jhour, The water |2 ROTa G BETAINGF 43 LT aP Ray P13 51 T el ToLtar 10 Wgether with the
aqueous sulphuric acid solution produced during the process and the carbon and carbon-sulphur

compounds suspanges) ReRlf.8nh i aretanael iR AT o SR  farIBaRling device 44
The sulphuric acid solution is then pumped off by a pum§46 and the flow volume is ascertained using a
&

further measuring RNAR L DT IRGRRIS QR PH S/ trides @ phtirthoicref e GRsRe gases is

catalytically convestedatecgad garaneisinendalyss grass olesri fesraciidviaLiag deid, amgesarbon dioxide is
cleaved at the same time or in parallel to form carbon and oxygen. However, some of the carbon is also

absorbed in sulphur compounds. [0029] The method was tested successfully under the following
conditions: water Beiefrdesarigtion whthe figueesbefore entry into the reactor by quenching. SO2 content

of the flue gases hgigrn AR PORASLABORREANT:BSP 1SR IOANAMHRe BRICHBAY (hdhe ideal

situation and with continuous operation only 174 to 3480 ppm of this SO2 can be converted during the

CO2 conversion. Tllowingdstaredsierciiption ehasPasaid!fPiroAPSU L RErEIVEREBA BP i'feleased into

the atmosphere invisfermmeboeRpRdyikd g anterthefdhavitugs gases between 0.1 % by volume (1000
ppm) and 15 % by volume (150 000 ppm). 8 Gas temperature between 10 and 80 C. 02 content

approximately 20 % by volume. Water saturation and cooling of the waste gases by quenching.
Fig. 1 is a schematic view of the arrangement;

Fig. 2 is a graph showing the values measured during Test 1 of the SO,

content of the waste gases at the inlet and outlet of the reactor;

Fig. 3 is a graph showing the values measured during Test 1 of the CO;

content of the waste gases at the inlet and outlet of the reactor;

Fig. 4 is a graph showing the values measured during Test 2 of the SO

content of the waste gases at the inlet and outlet of the reactor;

Fig. 5 is a graph showing the values measured during Test 2 of the CO;

content of the waste gases at the inlet and outlet of the reactor;
Description of an embodiment of the invention
[0021] The test arrangement shown in Fig. 1 in order to illustrate the invention

comprises a test reactor 10, to the lower part 12 of which a test gas is supplied

and in the upper part 14 of which water is sprayed.



Tested catalysts were provided by NORIT Nederland B.V. of Postbus 105 NL-3800 AC Amersfoot under
the names Norit_PK1-3, Norit_PK_2-4 and Norit_PK_3g>. [0030] These catalysts are an activated carbon
granulate with a particle size between 1-3 mm, 2-4 mm or 3-5 mm and produced by steam activation. The
following general properties are guaranteed by the manufacturer: iodine number 800; methylene blue
adsorption 11 g/100 g; inner surface (BET) 875 m2/g; bulk density 260 kg/m3; density after back-wash
230 kg/m3; uniformity factor 1.3 - ash content 7 % by weight; pH alkaline; moisture (packed) 2 % by
weight. [0031] In the tests flue gas analysis devices of the Testo brand were used. The devices are of the
newest generationy22mietasutreiumei2d0faandatete siahbieate chbyvibetengasdactoraisis afdition, the

analysis data of these.flue gas analysis devices was confirmed et-chemical megsurements carried
oot i parallel. ThE TRCHC B e S SR e e S SIS 0 8 0082] The
progression of thetS@Ridpher cvbyedes O andek frenaly Srsiupfeseucisae spytindertddias fgibwing total

formula: SO2 + 1/20&6 daP 4 cabriicatgs. ih&Br0AR (BREShUNENRI YKALUIDg tode committed

to a particular theory, it Is assumed that: 02 and SO2 migrate toward the active centres of the catalyst
where they are cofvared meRs Y 4eYiLhigPaRRab RSP0 R h eI htkePaf tABIRRtaIS?2and forms

H2S04 with the agoietens Cyvesingralothidtdepensalys! aasdioR oldhecants tmathloxyaen sneavater to form
sulphuric acid in at%%?rdaasnce with the reaction equation above. The CO2 molecule, which is of
approximately the €an18 Size as a SO2 molecule, is also transported into the pores of the catalyst core,
where it is separated by the addition of energies of formation and is adsorbed on sulphur compounds.

The concentrated syl it a6 WANCIR RRRSELIDE RAVSRISERVERIASEHAGHNR Pt afsqEP2ine C portion

of CO2 and 02 through high surface tensions (specific surface). ‘Carbon-sulphur compounds' are thus

produced. The folRXYGREZMM WRECPIAES, iRRERERAS B©BYN- TP qYoRCRRE 38D A feBl2 02

reactor 10 by a waste gas fan 30. A mist collector at the outlet of the quencher

28 collects the spray.

[0024] The test gas flows through the test reactor 10 and the activated carbon
catalyst 32 arranged therein from bottom to top and is then examined once
discharged from the test reactor 10 in a second measuring device 34 for the
same parameters as in the first measuring device 26, i.e. composition (SO,
content, CO, content, O, content), the temperature, the flow volume and the

flow rate, and is then released into the atmosphere.

[0025] The water required in the process is fed from a storage container 36 via
a metering device 38, where the flow is measured, and a pump 40 into the
upper part 14 of the test reactor 10, where the water flows through the activated
carbon catalyst 32 in counterflow to the test gas. The water required for the
quencher 28 comes directly from the water supply and is circulated within the

cycle.

[0026] Alternatively however, the water required in the process can also be fed
through the reactor in co-current flow with, i.e. in the same direction as, the test
gas. The selection of a co-current or counterflow method depends for example

on the local conditions.



H2S04 + CO2 3 5C0O3 + H20 + 02 the C portion located on a sulphur compound is provided inside the
sulphuric acid as a suspension, the formed carbon compounds are discharged in a suspension with the
sulphuric acid from the catalyst by washing with water, thus diluting the sulphuric acid. The carbon
compounds formed precipitate after a short period of time. [0034] Softened or demineralised water can be
used to wash out the catalyst. [0035] It is assumed, without wanting to be committed to a particular
theory, that the CO2 is adsorbed using the thermal energy which is produced by the oxidation of SO2 to
form SO3 and/or during the formation of the sulphuric acid (S03- H2S04). The exothermic energy which
is released during[toe TXitiaticDis BHRtalyi&ally kdtmekdar itte sSiphuric theickivaaiibralitisvalue is AHR
- 123.25 kaimol. g(ota] exaitirmic energy pl AR Glalz= A3k mel s ius avaliable. g energy of
+394.4 kd/mol whicgh |§'réquwe for the Conversion of COPCAR Be dfawn Trom an exothermie reaction
from SO2 into SOGpmertad biotdrawip!itsia eedwhb watsthesndddedctidies pa&d2 ton8edts FESO4. This

means that an expipefanie, SResHY REMBRIEIRR- Si6ie/Mna! ABfintel thd/ ! lSavAlRPIR: (HR4g036] Ideally,

i.e. with no energy losses, it is accordin It?%%ossmle to convert, during oxidation, 0.25 mol CO2 to 503 per

mol 502. However! RERMBHES AR GRIB08 iBRAISRIIOFAIPSE AR AT EFRRFAE per mol
502, or 0.39 kg C@rsateotpby iteddiostcd SaPBorchiafstky MiSttane speginediginudianesusly.
However, it should he nated that other reactiqps (can) also take placg,~as.well as for.example the
bove.described BIERI OSBRI a e AR 0 EnS SN SO AL entions of CO2
separation can onpptakerfivacdworite @zgpedifidthevellof sysieatiosprithFORImsoEed aottield in the

pores of the catalyshin fiRSRaSRY e Sl isr aribiosmatien s SAuIRsEMOEGHEER theeactor once

sufficient SO2 has been converted into SO3 and starts to form sulphuric acid. Such a condition is reached

after approximateRPRERRPL0tPoetafindPWElIrBAEpEn@hd6en tBR sppripichCadegrieaiibub®f S02/503

fed). This conditioaqdgdodepeinsianicohdie gsitontagedaysvetihing aridhiodassiamd-oietiisrpeason, this
process can also be carried out with different percentages by weight (H2 42?ofa ids. Example: with 100
%o I!1 Rg's ogr@se?:; %ﬁerg (? Qh Eﬁ@

% separation of S ifhe &'élﬂppr%rcggg,] kRIS corrseusSpP dconvef8ion or £560%%' into H2504

and 60-40 % of SO2éntursdphurrearonfcompesuiisg Tesick (O3B selpbstdonanid saluterhdsit under the
following conditiong, RAN8SV BHBE HONMN 4B ZALHR flow volume is ascertained using a

further measuring device 48.

[0028] In the system described the sulphur dioxide of the waste gases is
catalytically converted via SO3 on moist catalyst particles to form sulphuric acid,
and carbon dioxide is cleaved at the same time or in parallel to form carbon and

oxygen. However, some of the carbon is also absorbed in sulphur compounds.

[0029] The method was tested successfully under the following conditions:

o water saturation of the waste gases before entry into the reactor by
quenching.

e SO, content of the flue gases between 300 ppm and 6000 ppm. In this
instance it should be noted that in the ideal situation and with continuous
operation only 174 to 3480 ppm of this SO, can be converted during the
CO, conversion. The excess of SOs is in this case used for the H>SO4
acid formation or is released into the atmosphere in the form of SO,/SOs3.

e CO; content of the flue gases between 0.1 % by volume (1000 ppm) and
15 % by volume (150 000 ppm).



300 m3/h m3/h CO2 content (inlet) min. 0.20 % by volume max. 1.50 % by volume SO2 content (inlet)
min. 300
8

o Gas temperature between 10 and 80 °C.

e O, content approximately 20 % by volume.

o Water saturation and cooling of the waste gases by quenching.

o Tested catalysts were provided by NORIT Nederland B.V. of Postbus
105 NL-3800 AC Amersfoot under the names Norit PK1-3, Norit PK_2-4
and Norit_ PK_3-5.

[0030] These catalysts are an activated carbon granulate with a particle size
between 1-3 mm, 2-4 mm or 3-5 mm and produced by steam activation. The
following general properties are guaranteed by the manufacturer: iodine number
800; methylene blue adsorption 11 g/100 g; inner surface (BET) 875 m?/g; bulk
density 260 kg/m?; density after back-wash 230 kg/m?; uniformity factor 1.3 —
ash content 7 % by weight; pH alkaline; moisture (packed) 2 % by weight.

[0031] In the tests flue gas analysis devices of the Testo brand were used. The
devices are of the newest generation (year of manufacture 2009) and were
calibrated by the manufacturer. In addition, the analysis data of these flue gas
analysis devices was confirmed by wet-chemical measurements carried out in
parallel. The results of all measurements fell within the admissible deviation

tolerances.

[0032] The progression of the SO, conversion by H,SO4 on the catalyst surface
corresponds to the following total formula:
SO, + %2 Oy + n HyO (catalytically)> HSO4 + (n-1) H2O

[0033] Without wanting to be committed to a particular theory, it is assumed
that:
e 0O, and SO, migrate toward the active centres of the catalyst where they
are converted into SOs.
¢ SOj3 migrates out from the active centres of the catalyst and forms H,SO,

with the aqueous covering around the catalyst core.



ppm max. 4,500 ppm Waste gas temperature min. 10 C max. 12 C Dew-point temperature

9

SO, reacts with oxygen and water to form sulphuric acid in accordance
with the reaction equation above.

The CO, molecule, which is of approximately the same size as a SO,
molecule, is also transported into the pores of the catalyst core, where it
is separated by the addition of energies of formation and is adsorbed on
sulphur compounds. The concentrated sulphuric acid which forms in the
aqueous cover around the core adsorbs the C portion of CO,; and O,
through high surface tensions (specific surface). ‘Carbon-sulphur

compounds’ are thus produced.

The following reactions take place, inter alia:
CO, + SO, + HLO > C + HSO4 + V2 O5
H,SO4 + CO; > SCO;3 + H,O + O,

the C portion located on a sulphur compound is provided inside the
sulphuric acid as a suspension,

the formed carbon compounds are discharged in a suspension with the
sulphuric acid from the catalyst by washing with water, thus diluting the
sulphuric acid. The carbon compounds formed precipitate after a short

period of time.

[0034] Softened or demineralised water can be used to wash out the catalyst.

[0035] It is assumed, without wanting to be committed to a particular theory, that

the CO, is adsorbed using the thermal energy which is produced by the

oxidation of SO, to form SO3 and/or during the formation of the sulphuric acid

(SO3- H2SO4). The exothermic energy which is released during the oxidation is
AHR = -98.77 kJ/mol; for the sulphuric acid formation, this value is AHR = -
123.23 kd/mol; a total exothermic energy of AHR total = -231 kJ/mol is thus

available. The energy of +394.4 kJ/mol which is required for the conversion of

CO, can be drawn from an exothermic reaction from SO, into SOs, or can be

drawn from the two exothermic reactions of SO, to SO3 to H>SO4. This means

that an exothermic energy between -98.77 kJ/mol and -231 kJ/mol is available.



saturated 11 02 content >20 % by volume [0039] The reactor is made of glass fibre reinforced
plastics material, has a volume of approximately 2 m3 gnd is filled with 1 m3 of an activated carbon
catalyst of the Norit_ PK_2-4 type. [0040] In a first phase the test system was run for approximately 50
hours with the addition of SO2 from gas cylinders, and in this instance between 3,000 and 4,000 ppm of
SO2 were added. Overall, the reactor was charged with approximately 45 kg of SO2 (approximately 45 kg
of S02/m3 of catalyst). In accordance with this test, the addition of water at 2 to 15 I/hour was divided into
1 to 4 portions/hour. In this instance, in contrast to the SULFACID process, no significant concentration of

sulphuric acid wago3ss rded!i(4-teYoith wieightier§Q3sses deidustedrafitgiyappseiimateodddrgurs
(approximately 36 kg.of S02/m3 of lyst). The SOR and CO2 nt,of the waste gases was
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the reactor. The CO2 concentration fluctuated repea etween 1.0 % by volume and 1.55 % by

volume and it wasSEEHABRGME hAtAWE Y5tirify Ag WeI e eied dRhRIRe LI acR A 40RIRLAISAHE %. The test

was carried out cinelocaslyglvas appesisatety«l@pourirschib@l tbitnanbreateiifshihesivated waste
gases no longer cggr%aggggoasny S0O2, as can be seen from Fig. 3.

[0037] The above-mentioned reactions of CO, separation can only take place
once a specific level of saturation with SO, has been achieved in the pores of
the catalyst in respect of the sulphuric acid formation. This equilibrium occurs in
the reactor once sufficient SO, has been converted into SO3; and starts to form
sulphuric acid. Such a condition is reached after approximately 20 to 100
operating hours depending on the approach adopted (amount of SO,/SOj; fed).
This condition is independent of the percentage by weight of acid formation. For
this reason, this process can also be carried out with different percentages by
weight (H,SO4) of acids. Example: with 100 % separation of SO, in the CO,
process, this corresponds to a conversion of 40-60 % of SO, into H,SO,4 and

60-40 % of SO; into sulphur-carbon compounds.

Test 1
[0038] The tests were carried out under the following conditions:
Raw gas volume flow min. | 200 | m%h
max. | 300 | m¥h
CO; content (inlet) min. 0.20 | % by volume

max. | 1.50 | % by volume

SO, content (inlet) min. 300 | ppm
max. | 4,500 | ppm

Waste gas temperature min. 10 | °C
max. 12 | °C

Dew-point temperature saturated




[0041] If the activated carbon catalyst is overloaded with SO2, the CO2 may be converted only in part or
even not at all. The amount of water should also not bg added during the process since otherwise the
conversion of CO2 will be reduced in favour of H2SO4 conversion or increased S02/S03 will be released
into the waste air. It should be noted that in the case of a conventional SULFACID process, much greater
amounts of water are added. For example, in a comparative SULFACID process, approximately 8-10

litres would be a

ded_12 rpmllarl\/ every 15 minutes (’2? 40 1/hour/m3 of cata |\IQﬂ By contras

, in the

CO2 process an
Raw gas volume

NarReRtest 15 litres (generally 8 I|tres) are added every Fié8r % Pbé&l}ﬁf‘%ter

vals. Test 2

flow min. max. 200 300 m3/h m3/h CO2 content min. max. 0.30

[0039] The reactor is made of glass fibre reinforced plastics material, has a
volume of approximately 2 m® and is filled with 1 m® of an activated carbon
catalyst of the Norit PK_2-4 type.

[0040] In a first phase the test system was run for approximately 50 hours with
the addition of SO, from gas cylinders, and in this instance between 3,000 and
4,000 ppm of SO, were added. Overall, the reactor was charged with
approximately 45 kg of SO, (approximately 45 kg of SO./m? of catalyst). In
accordance with this test, the addition of water at 2 to 15 I/hour was divided into
1 to 4 portions/hour. In this instance, in contrast to the SULFACID process, no
significant concentration of sulphuric acid was observed (4-6 % by weight). CO,
was dedusted after approximately 40 hours (approximately 36 kg of SO./m? of
catalyst). The SO, and CO, content of the waste gases was measured in each
case at the inlet and at the outlet of the reactor, as illustrated in Fig. 1. The
measurements were taken every 30 seconds and are shown in graphs in Figs 3
and 4. The first measurements shown in this case were taken after saturation of
the catalyst, i.e. 40 hours after start-up of the reactor. The CO, concentration
fluctuated repeatedly between 1.0 % by volume and 1.55 % by volume and it
was established that the purifying values of CO, were on average less than 60
%. The test was carried out continuously over approximately 40 minutes. Over
this entire period the treated waste gases no longer contained any SO,, as can
be seen from Fig. 3.

[0041] If the activated carbon catalyst is overloaded with SO,, the CO, may be
converted only in part or even not at all. The amount of water should also not be
added during the process since otherwise the conversion of CO, will be
reduced in favour of H>SO4 conversion or increased SO,/SO3 will be released
into the waste air. It should be noted that in the case of a conventional
SULFACID process, much greater amounts of water are added. For example, in

a comparative SULFACID process, approximately 8-10 litres would be added



1.00 % by volume % by volume 502 content (inlet) min. max. 300 500 ppm ppm Waste gas temperature
min. max. 70 80 C 12

regularly every 15 minutes (32-40 I/hour/m? of catalyst). By contrast, in the CO,
process a maximum of 15 litres (generally 8 litres) are added every hour at

irregular intervals.

Test 2
Raw gas volume flow min. | 200 | m%h
max. | 300 | m¥h
CO; content min. 0.30 | % by volume
max. | 1.00 | % by volume
SO, content (inlet) min. 300 | ppm
max. 500 | ppm
Waste gas temperature min. 70| °C
max. 80| °C
Dew-point temperature saturated
02 content >20 | % by volume

[0042] The reactor is made of glass fibre reinforced plastics material, has a
volume of approximately 2 m® and is filled with 0.3 m® of a catalyst of the
Norit PK_2-4 type.

[0043] In a first phase the test system was run for approximately 50 hours with
the addition of SO, from gas cylinders, and in this instance between 300 and
500 ppm of SO, were added owing to the low level of catalyst filling. Overall, the
reactor was charged with approximately 15 kg of SO, (approximately 50 kg of
SO,/m® of catalyst). In accordance with this test, water was added anti-
cyclically. Between 2 and 5 I/hour were added in 1 to 4 portions/hour, i.e. 6.6 to
16.6 I/hour/m® of catalyst. In this instance, in contrast to the Sulfacid process,
no significant concentration of sulphuric acid was observed (1-2 % by weight).
CO,; was dedusted after approximately 40 hours (approximately 40 kg of
SO./m* of catalyst). The SO, and CO, content of the waste gases was
measured in each case at the inlet and at the outlet of the reactor, as illustrated

in Fig. 1. The measurements were taken every 30 seconds and are shown in



C Dew-point temperature saturated 02 content >20 % by volume [0042] The reactor is made of glass
fibre reinforced plastics material, has a volume of appreximately 2 m3 and is filled with 0.3 m3 of a
catalyst of the Norit_ PK_2-4 type. [0043] In a first phase the test system was run for approximately 50
hours with the addition of 502 from gas cylinders, and in this instance between 300 and 500 ppm of 502
were added owing to the low level of catalyst filling. Overall, the reactor was charged with approximately

15 kg of SO2 (approximately 50 kg of S02/m3 of catalyst). In accordance with this test, water was added
anti-cyclically. Bet8BRS2APS HIRE Wweresaliigb RIS DYURBHRMb Y s, @eetd/ 8 daFbur/m3 of

catalyst. In this ingtaaceaioranoir ast it thatSysiacid. proaesssnersigsiticand edrbentsakar. of islphuric acid

was observed (1-2.% by wei gt - C as dedusted afte roximately, 40 hours (approximately 40 kg
of So2im3 of cataoh. s L] e bR o R SRS oo ot e
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seconds and are Ry fhar@raRas IBE19% 4 AR JedinGliSt MRASYreMErdSEROVILIY BiRFase were

taken after saturation of the catalyst, i.e. 40 hours after start-up of the reactor. The COZ2 concentration

fluctuated repeatedP RSN MUES VONFH Esh 8T8 REBPIAURTERNd HOWASERETRIPR Plhat the

purifying values o80QW aseienisy ayingamettishaadbdh béRedastamasicagied out continuously over
approximately 2 hours. Over this entire period a nearly 100 % conversion of SO2 was achieved

simultaneously, as can be seen from Fig. 3.
[0044] The tests which were carried out in conjunction with the invention

revealed that a specific level of saturation of the catalyst with SO, must be
present in order to start the CO, separation (see tests). Until this level of
saturation is reached, there is no CO, separation or else only partial CO,
separation with a low separation yield, as in test 1. It is assumed that the
amount of O, adsorbed in this instance has a positive effect on the conversion
of SO,/SO; into H,SOy4, in such a way that less SO,/SOj; is also released from
the reactor and, where necessary, greater amounts of SO,/SO3; can be
separated. In contrast to the SULFACID process the exothermic energy is used

to separate the CO, and is not released into the aqueous covering in the bed.

[0045] An important criterion for CO, separation is the SO, purifying factor of the
catalyst. This is 0.7 and 0.9 under normal continuous operation for SO,
conversion into H,SO4 (in SULFACID operation). This also results in an acid
concentration of 10-15 % by weight. For CO, separation the SO, purifying factor
of the catalyst is lower. The tests indicated that approximately 40-60 % of the
SO, is converted into H>,SO4. This also confirms that the acid concentration in

these cases is between 1 and 6 % by weight.



[0044] The tests which were carried out in conjunction with the invention revealed that a specific level of
saturation of the catalyst with SO2 must be present in gyder to start the CO2 separation (see tests). Until
this level of saturation is reached, there is no CO2 separation or else only partial CO2 separation with a
low separation yield, as in test 1. It is assumed that the amount of 02 adsorbed in this instance has a
positive effect on the conversion of 502/503 into H2SO4, in such a way that less 502/503 is also released
from the reactor and, where necessary, greater amounts of 502/503 can be separated. In contrast to the
SULFACID proce&EhtPeianinthre dftE5astasd@o separate the 002 and is not released into the
aqueous coveringfio the bed. [@tp¢Adidmportant criterion for CO2 separation is the SO2 purifying factor
of the catalyst. This,is 0.7 and %VS\)/eurnder{ normal continuous operation for SO2 conversion into H2SO4 (in
SULFACID operation). This also resBftS in an acid concentration of 10-15 % by weight. For CO2
separation the SOR purifying fastperopahie catalyst is lower. The tests indicated that approximately 40-60
% of the SO2 is cqgverted intoﬁggﬁpéldgw@ealso confirms that the acid concentration in these cases is
between 1 and 6 % by weight. 14 Key to drawing of test reactor 10: 10test reactor 12lower part 14upper
part 16heating deviee??8, 20prERRHHECALHINAE 22, 24valve 26first measuring device 28quencher
30waste gas fan 22, 24 valve

26 first measuring device
28 quencher

30 waste gas fan

32 activated carbon catalyst
34 second measuring device
36 storage container

38 metering device

40 pump

42 container

44 measuring device

46 pump

48 measuring device



32activated carbon catalyst 34second measuring device 36storage container 38metering device 40pump
42container 44measuring device 46pump 48measuring gdevice 15 Claims 1. Method for the catalytic
removal of sulphur dioxide and carbon dioxide from waste gases in a reactor charged with an activated
carbon catalyst, characterised by the following steps: saturating the activated carbon with SO2,

Claims

1. Method for the catalytic removal of sulphur dioxide and carbon dioxide from
waste gases in a reactor charged with an activated carbon catalyst,
characterised by the following steps:

. saturating the activated carbon with SO,

. saturating or partially saturating the waste gases with water,

. introducing the exhaust gases into the reactor,

. catalytically converting the SO, into H,SO,4 and, in parallel with
this, catalytically converting CO, into C and O, and into sulphur-
carbon compounds on the same catalyst,

e washing out the catalyst and discharging the H,SO4 as a liquid

and the C as a solid or/and bound to sulphur compounds.

2. Method according to claim 1, characterised in that the ratio of SO, and CO,

in the waste gases is between 0.25 and 0.58 mol/mol.

3. Method according to either claim 1 or claim 2, characterised in that the inlet
temperature of the waste gases lies between the ambient temperature and
150 °C.

4. Method according to any one of claims 1 to 3, characterised in that the O,

content of the waste gases is at least 5 % by volume.

5. The method according to any one of claims 1 to 4, characterised in that the

O2 content is more than 8 times greater than the SO, content.

6. Method according to any one of claims 1 to 5, characterised in that the

waste gases are saturated with water by quenching.

7. Method according to any one of claims 1 to 6, characterised in that softened

or demineralised water is used to wash out the catalyst.



saturating or partially saturating the waste gases with water, introducing the exhaust gases into the
reactor, catalytically converting the SO2 into H2SO4 apgl, in parallel with this, catalytically converting
CO2 into C and 02 and into sulphur-carbon compounds on the same catalyst, washing out the catalyst
and discharging the H2SO4 as a liquid and the C as a solid or/and bound to sulphur compounds. 2.
Method according to claim 1, characterised in that the ratio of SO2 and CO2 in the waste gases is
between 0.25 and 0.58 mol/mol. 3. Method according to either claim 1 or claim 2, characterised in that the
inlet temperature 8f tHgWeaéﬁgé@’iﬂeé%é‘fWegﬂeﬁ% &N tén peFRiRIRCIGREAG dNChAt iisthod
according to any one o&lR¥ns hissBeshauttiatetsaarghtfrRiihegitoeonenimétnawiasiegesss is at least 5
% by volume. 5. The method according to any one of claims 1 to 4, characterised in that the 02 content is
more than 8 times gre%ﬁg??han the SO2 content. 6. Method according to any one of claims 1 to 5,
characterised in that the waste gases are saturated with water by quenching. 7. Method according to any

one of claims 1 tod, qoRRGIEASEst MY SAJBREGPEIdRRYINSRBSRHNMARIHSHSRAR RS R OY! the
catalyst. 16 8. Method according to any one of claims 1 to 7, characterised in that the catalyst is washed
r@l'@vff

. . a .
out in co-current flow RHIARGRGARAE ptret Rsvgs8ds 4@ &kod according to any one of claims
1 to 8, characterised in that the SO2 purifying factor of the catalyst is between 0.4 and 0.6.



